1.. Introduction {#ss1}
================

Overweight (body mass index (BMI) ≥ 25 kg/m^2^) and obesity (BMI ≥ 30 kg/m^2^) are global epidemics and, in the USA, affect approximately 70 and 35% of the population, respectively [@CIT0001]. Because of associated co-morbidities, obesity adversely affects mortality, morbidity and quality of life [@CIT0002; @CIT0003]. Regarding the public health burden, foremost among obesity-related complications is the exacerbation of cardiometabolic disease, which leads to increased prevalence of type 2 diabetes mellitus (T2DM) and cardiovascular disease (CVD) [@CIT0004; @CIT0005; @CIT0006]. Obesity is also associated with mechanical complications, including osteoarthritis and obstructive sleep apnea, due to the increase in body mass [@CIT0004]. In addition to patient suffering and the direct medical costs associated with treatment of these conditions, there is an indirect burden to society that includes decreased work productivity, absenteeism, disability, workplace injuries and depression [@CIT0007].

This review will provide an overview of the pharmacology and clinical trials data pertaining to two recently approved medications for overweight and obesity [@CIT0008; @CIT0009], with a focus on phentermine and topiramate extended-release (phentermine/topiramate ER), and will offer a complications-centric model for the use of these drugs in medical management of the overweight and obese patient.

2.. Overview of the market {#ss2}
==========================

Current treatment options for overweight and obesity include lifestyle modifications, pharmacotherapy and bariatric surgery. Lifestyle modifications include a reduced-calorie diet, physical activity and behavior changes and represent the initial approach and the cornerstone of weight-loss therapy, as recommended by National Heart, Lung, and Blood Institute [@CIT0003]. Bariatric surgery can be a highly effective weight-loss option [@CIT0010]. However, indications for bariatric surgery are typically limited to severely obese patients (BMI ≥ 40 kg/m^2^) or those with a BMI ≥ 35 kg/m^2^ plus weight-related co-morbidities. Patients undergoing surgery require lifelong medical monitoring, can experience weight regain over time and are at risk of a range of peri- and postoperative adverse events (AEs) and mortality related to these procedures [@CIT0003; @CIT0011; @CIT0012]. Surgery is particularly challenging in those with common obesity-related co-morbidities, such as T2DM, which impairs wound healing [@CIT0013].

Until recently, medication options were quite limited. There are four sympathomimetic medications, namely phentermine, benzphetamine, diethylpropion and phendimetrazine, which act by suppressing appetite and are approved only for short-term treatment of obesity (\< 3 months) [@CIT0014]. These drugs have limited applicability to the long-term treatment of obesity, which is a chronic and perhaps lifelong disease. Orlistat (Xenical, Genentech, South San Francisco, CA, USA), a gastrointestinal lipase inhibitor that reduces the absorption of dietary fat, is approved for long-term treatment of obesity; however, in a 4-year, double-blind, prospective study of 3305 obese patients, only moderate weight loss over placebo was observed (5.8 vs 3.0 kg), together with variable improvements in cardiometabolic risk factors [@CIT0015]. Sibutramine (Meridia, Abbott Laboratories, Abbott Park IL), a serotonin-norepinephrine reuptake inhibitor, was withdrawn from the market in 2010 after the SCOUT Trial showed an increase in composite CVD events in patients with pre-existing vascular disease, despite the fact that the drug was contraindicated in this population [@CIT0016].

In the summer of 2012, two therapies were approved by the US Food and Drug Administration (FDA) as adjuncts to a reduced-calorie diet and increased physical activity. These medications, twice-daily lorcaserin (Belviq®, Arena Pharmaceuticals, Switzerland) and once-daily phentermine/topiramate ER (Qsymia®, VIVUS, Inc., Mountain View, CA, USA), have greatly enhanced medication treatment options for clinicians and patients. Both are indicated for chronic weight management in adult patients with an initial BMI of ≥ 30 kg/m^2^ or BMI ≥ 27 kg/m^2^ in the presence of at least one weight-related co-morbid condition (e.g., hypertension, dyslipidemia, T2DM) [@CIT0008; @CIT0009]. This review will focus primarily on phentermine/topiramate ER.

Lorcaserin produced moderate weight loss after 1 year in two Phase III, randomized, placebo-controlled trials of overweight and obese patients [@CIT0017; @CIT0018]. In the BLOOM (Behavioral Modification and Lorcaserin for Overweight and Obesity Management) trial, mean weight loss in placebo- and lorcaserin-treated subgroups (10 mg twice daily) was -2.2 kg (-2.2%) and -5.8 kg (-5.8%), respectively, with 20.3 and 47.5% of these subjects achieving ≥ 5% weight loss [@CIT0017]. Similarly, in the BLOSSOM (Behavioral Modification and Lorcaserin Second Study) trial, mean weight loss was -2.9 kg (-2.8%), -4.7 kg (-4.7%) and -5.8 kg (-5.8%) with placebo, lorcaserin 10 mg once daily and lorcaserin 10 mg twice daily, respectively, and 25.0, 40.2 and 47.2% of these subjects achieved ≥ 5% weight loss [@CIT0018]. The most common AEs were headache, dizziness and nausea [@CIT0008].

The FDA also reviewed a third obesity medication in 2012. The combination of naltrexone sustained-release (SR) and bupropion SR was studied in four Phase III clinical trials demonstrating that naltrexone SR/bupropion SR produced greater weight loss in overweight and obese patients (5 -- 9.3%) when compared with placebo (1.2 -- 5.1%) and led to improvements in metabolic parameters [@CIT0019]. However, the FDA has requested additional preapproval trials to examine cardiovascular risk.

3.. Introduction to the compound {#ss3}
================================

Phentermine/topiramate ER is a once-daily, oral combination of immediate-release phentermine hydrochloride and topiramate extended-release ([Box 1](#B1){ref-type="table"}) [@CIT0009]. Phentermine hydrochloride is a sympathomimetic amine anorectic agent approved at doses up to 37.5 mg daily for short-term obesity therapy [@CIT0014]. Topiramate is a sulfamate-substituted monosaccharide related to fructose approved for use as an antiepileptic agent and for the prophylaxis of migraine headaches; it is approved at doses up to 400 mg once daily for these indications [@CIT0020]. The phentermine/topiramate ER combination employs the first extended-release formulation of topiramate and lower doses than the approved individual components for other indications in order to accentuate the weight loss response while diminishing adverse symptomatology.

###### 

Drug summary.

  ---------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Drug                                           Qsymia® ([phentermine and topiramate extended-release](phentermine and topiramate extended-release))

  Phase                                          Trials complete for use as a weight-loss therapy; EQUATE (NCT00563368), EQUIP (NCT00554216), CONQUER (NCT00553787), SEQUEL (NCT00796367)

  Indication                                     July 2012: FDA approved as an adjunct to a reduced-calorie diet and increased physical activity for chronic weight management in adult patients with an initial BMI of\
                                                 30 kg/m^2^ or greater, or 27 kg/m^2^ or greater in the presence of at least 1 weight-related co-morbidity such as hypertension, T2DM or dyslipidemia

  Pharmacology description/mechanism of action   Phentermine\
                                                 C~10~H~15~N · HCl α,α-dimethylphenethylamine hydrochloride.\
                                                 Phentermine hydrochloride is a sympathomimetic amine anorectic agent.\
                                                 The primary mechanism of action of phentermine in treating obesity is postulated to be appetite suppression; however, other CNS actions, or metabolic effects, may also be involved.\
                                                 Topiramate C~12~H~21~NO~8~S 2,3:4,5-di-*O*-isopropylidene-β-[d]{.smallcaps}-fructopyranose sulfamate.\
                                                 Topiramate is a sulfamate-substituted monosaccharide related to fructose used as an antiepileptic agent and for the prophylaxis of migraine headaches.\
                                                 The mechanism of action of topiramate leading to weight loss is also not fully understood, but evidence suggests an effect on energy-balance regulation through a combination of pharmacologic effects, including augmenting the activity of gamma-aminobutyrate, modulation of voltage-gated ion channels, inhibition of AMPA/kainite excitatory glutamate receptors or carbonic-anhydrase inhibition

  Route of administration                        Oral

  Chemical structure                             

  Pivotal trial(s)                               EQUIP (NCT00554216); CONQUER (NCT00553787)
  ---------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

BMI: Body mass index; CNS: Central nervous system; T2DM: Type 2 diabetes mellitus.

4.. Chemistry {#ss4}
=============

Phentermine hydrochloride is a white, odorless, hygroscopic, crystalline powder that is soluble in water, methanol and ethanol ([Box 1](#B1){ref-type="table"}) [@CIT0009]. Topiramate is a white to off-white crystalline powder with a bitter taste that is freely soluble in methanol and acetone, sparingly soluble in aqueous solutions from pH 9 to 12, and slightly soluble in aqueous solutions from pH 1 to 8 ([Box 1](#B1){ref-type="table"}) [@CIT0009].

5.. Pharmacodynamics {#ss5}
====================

The exact mechanism of action of phentermine/topiramate ER combination therapy is unknown. The primary mechanism of action of phentermine in obesity treatment is postulated to be appetite suppression; however, other central nervous system (CNS) actions, or metabolic effects, may also be involved [@CIT0009]. The mechanism of action of topiramate leading to weight loss is also not fully understood, but evidence suggests an effect on energy-balance regulation through a combination of pharmacologic effects, including augmenting the activity of gamma-aminobutyrate, modulation of voltage-gated ion channels, inhibition of AMPA/kainite excitatory glutamate receptors or carbonic-anhydrase inhibition [@CIT0009].

Phentermine is an atypical amphetamine; as such, the more common actions of amphetamines such as CNS stimulation, elevation of blood pressure (BP), tachyphylaxis and tolerance were not observed in clinical trials with phentermine/topiramate ER at the studied doses [@CIT0009]. The effect of phentermine/topiramate ER on the QTc interval was evaluated in a randomized, double-blind, placebo- and active-controlled (400 mg moxifloxacin), parallel-group/crossover study in doses up to phentermine 22.5 mg/topiramate ER 138 mg, and, in this study, phentermine/topiramate ER did not affect cardiac repolarization as measured by the change from baseline in QTc [@CIT0009].

6.. Pharmacokinetics and metabolism {#ss6}
===================================

6.1. Phentermine {#ss7}
----------------

On oral administration of a single dose of phentermine 15 mg/topiramate ER 92 mg, the time to maximum phentermine concentration (C~max~; T~max~) was 6 h [@CIT0009]. Bioavailability was not affected by a high-fat meal prior to administration [@CIT0009]. Phentermine pharmacokinetics were dose-proportional as phentermine/topiramate ER doses were increased from phentermine 3.75 mg/topiramate ER 23 mg to phentermine 15 mg/topiramate ER 92 mg [@CIT0009]. When dosed alone, phentermine distribution was 17.5% plasma protein bound, with 70 -- 80% of the dose unchanged in urine, and the mean terminal half-life was ∼ 20 h [@CIT0009].

6.2. Topiramate {#ss8}
---------------

This is the first extended-release formulation of topiramate, which was designed to have a lower C~max~ and delayed T~max~ compared with immediate-release formulations, but with a similar AUC. On oral administration of a single dose of phentermine 15 mg/topiramate ER 92 mg, topiramate T~max~ was 9 h, and, as with phentermine, a high-fat meal did not affect topiramate bioavailability [@CIT0009]. Topiramate pharmacokinetics were dose-proportional as phentermine/topiramate ER doses were increased from phentermine 3.75 mg/topiramate ER 23 mg to phentermine 15 mg/topiramate ER 92 mg [@CIT0009]. When dosed alone, topiramate was 15 -- 41% plasma protein bound, with ∼ 70% of the dose appearing unchanged in urine, and a mean terminal half-life of ∼ 65 h [@CIT0009].

7.. Clinical efficacy {#ss9}
=====================

7.1. Phase II studies {#ss10}
---------------------

Two Phase II studies were performed in obese subjects with specific weight-related co-morbidities in order to evaluate the effect of phentermine/topiramate ER on reducing these co-morbidities as a consequence of weight reduction.

### 7.1.1. Type 2 diabetes {#ss11}

OB-202 was a 28-week, double-blind, placebo-controlled, Phase II trial with a 28-week extension (DM-230) in 130 subjects with T2DM randomized to placebo or phentermine 15 mg/topiramate ER 92 mg for a total of 56 weeks [@CIT0021]. The majority of subjects enrolled in this study had been diagnosed with T2DM for ≥ 5 years, 60% were on ≥ 2 antidiabetic medications, mean hemoglobin A~1c~ (HbA~1c~) was 8.7%, mean weight was 96.3 kg and mean BMI was 35.3 kg/m^2^. Thus, the study population consisted of patients with moderate-to-severe T2DM with long-standing disease. During this study, patients with T2DM treated with phentermine 15 mg/topiramate ER 92 mg experienced a significant reduction in HbA~1c~, the primary end point, when compared with the placebo group, as well as greater decrements in body weight, fasting insulin, fasting glucose, BP and the need for antidiabetic medications ([Table 1](#T1){ref-type="table"}) [@CIT0021]. Together, these data indicate that phentermine/topiramate ER could represent a novel approach to achieving improved glycemic control in obese patients with T2DM. The data demonstrate the utility of a weight-loss drug as a glucose-lowering agent and suggest an option for pharmacotherapy that extends beyond drugs that act primarily to enhance insulin secretion or insulin sensitivity.

###### 

Overview of phentermine/topiramate ER Phase II and III clinical trials[\*](#T1-F1){ref-type="fn"}.

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                   **Placebo (n = 55)**   **PHEN/TPM ER 15/92**\              **p-value vs placebo**                            
                                                                          **(n = 75)**                                                                          
  ------------------------------------------------ ---------------------- ----------------------------------- ------------------------ ------------------------ ------------------------
  *Diabetes: 56 weeks* [@CIT0021]                                                                                                                               

  HbA~1c~, %                                       -1.2                   -1.6                                0.0381                                            

  Weight loss, %                                   -2.7                   -9.4                                \< 0.0001                                         

  SBP, mm Hg                                       -2.4                   -7.2                                \< 0.05                                           

  DBP, mm Hg                                       -1.7                   -2.6                                NS                                                

  Fasting glucose, mg/dl                           -27.4                  -42.1                               \< 0.05                                           

  Fasting insulin, μIU/ml                          5.9                    2.1                                 \< 0.05                                           

                                                   **Placebo (n = 23)**   **PHEN/TPM ER 15/92**\              **p-value vs placebo**                            
                                                                          **(n = 22)**                                                                          

  *Obstructive sleep apnea: 28 weeks* [@CIT0022]                                                                                                                

  AHI, events/h                                    -16.6                  -31.5                               0.0084                                            

  Weight loss, %                                   -4.2                   -10.3                               0.0006                                            

  Weight loss, kg                                  -4.7                   -10.8                               0.0006                                            

  SBP, mm Hg                                       -7.3                   -15.0                               0.0431                                            

  DBP, mm Hg                                       -5.6                   -6.3                                0.7991                                            

                                                   **Placebo**\           **PHEN/TPM ER 7.5/46 (n = 103)**    **p-value vs placebo**   **PHEN/TPM ER 15/92**\   **p-value vs placebo**
                                                   **(n = 103)**                                                                       **(n = 103)**            

  *EQUATE: 28 weeks* [@CIT0025]                                                                                                                                 

  Weight loss, %                                   -1.7                   -8.5                                \< 0.0001                -9.2                     \< 0.0001

  SBP, mm Hg                                       -1.8                   -7.0                                \< 0.05                  -5.2                     \< 0.05

  DBP, mm Hg                                       -0.7                   -2.2                                NS                       -2.0                     NS

                                                   **Placebo**\           **PHEN/TPM ER 3.25/23 (n = 234)**   **p-value vs placebo**   **PHEN/TPM ER 15/92**\   **p-value vs placebo**
                                                   **(n = 498)**                                                                       **(n = 498)**            

  *EQUIP: 56 weeks* [@CIT0026; @CIT0052]                                                                                                                        

  Weight loss, %                                   -1.6                   -5.1                                \< 0.0001                -10.9                    \< 0.0001

  Weight loss, kg                                  -1.9                   -5.9                                \< 0.0001                -12.6                    \< 0.0001

  SBP, mm Hg                                       0.9                    -1.8                                0.0019                   -2.9                     \< 0.0001

  DBP, mm Hg                                       0.4                    -0.1                                NS                       -1.5                     0.0002

  Fasting glucose, mg/dl                           1.9                    0.8                                 NS                       -0.6                     \< 0.0001

  Triglycerides, %                                 9.1                    5.2                                 NS                       -5.2                     \< 0.0001

  LDL-C, %                                         -5.5                   -7.7                                NS                       -8.4                     0.0157

  HDL-C, %                                         0                      0.5                                 NS                       3.5                      0.0005

                                                   **Placebo**\           **PHEN/TPM ER 7.5/46**\             **p-value vs placebo**   **PHEN/TPM ER 15/92**\   **p-value vs placebo**
                                                   **(n = 979)**          **(n = 488)**                                                **(n = 981)**            

  *CONQUER: 56 weeks* [@CIT0027]                                                                                                                                

  Weight loss, %                                   -1.2                   -7.8                                \< 0.0001                -9.8                     \< 0.0001

  Weight loss, kg                                  -1.4                   -8.1                                \< 0.0001                -10.2                    \< 0.0001

  SBP, mm Hg                                       -2.4                   -4.7                                0.0008                   -5.6                     \< 0.0001

  DBP, mm Hg                                       -2.7                   -3.4                                NS                       -3.8                     0.0031

  Fasting glucose, mmol/l                          0.13                   -0.01                               0.0047                   -0.07                    \< 0.0001

  HbA~1c~, %                                       0.1                    0                                   \< 0.0001                -0.1                     \< 0.0001

  Fasting insulin, ρmol/l                          5.1                    -24.0                               0.0004                   -27.6                    \< 0.0001

  Triglycerides, %                                 4.7                    -8.6                                \< 0.0001                -10.6                    \< 0.0001

  LDL-C, %                                         -4.1                   -3.7                                NS                       -6.9                     0.0069

  HDL-C, %                                         1.2                    5.2                                 \< 0.0001                6.8                      \< 0.0001

                                                   **Placebo**\           **PHEN/TPM ER 7.5/46 (n = 153)**    **p-value vs placebo**   **PHEN/TPM ER 15/92**\   **p-value vs placebo**
                                                   **(n = 227)**                                                                       **(n = 295)**            

  *SEQUEL: 108 weeks* [@CIT0029]                                                                                                                                

  Weight loss, %                                   -1.8                   -9.3                                \< 0.0001                -10.5                    \< 0.0001

  Weight loss, kg                                  -2.1                   -9.6                                \< 0.0001                -10.9                    \< 0.0001

  SBP, mm Hg                                       -3.2                   -4.7                                NS                       -4.3                     NS

  DBP, mm Hg                                       -3.9                   -3.7                                NS                       -3.5                     NS

  Fasting glucose, mg/dl                           3.7                    0.1                                 NS                       -1.2                     0.0048

  HbA~1c~, %                                       0.2                    0.01                                0.0042                   0.00                     0.0003

  Fasting insulin, μIU/ml                          -2.6                   -5.3                                0.0051                   -5.2                     0.0012

  Triglycerides, %                                 0.4                    -12.5                               \< 0.01                  -13.7                    \< 0.0001

  LDL-C, %                                         -10.7                  -4.6                                \< 0.01                  -5.6                     \< 0.01

  HDL-C, %                                         4.7                    7.3                                 NS                       11.9                     \< 0.0001
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

\*All subjects in all treatment arms received standardized lifestyle and management to standard of care.

AHI: Apnea--hypopnea index; DBP: Diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol; PHEN/TPM ER: Phentermine/topiramate extended-release; SBP: Systolic blood pressure.

### 7.1.2. Obstructive sleep apnea {#ss12}

A second double-blind, placebo-controlled, single-center, Phase II trial randomized 45 obese patients (BMI 30 -- 40 kg/m^2^) with moderate to severe obstructive sleep apnea not receiving positive airway pressure treatment to placebo or phentermine 15 mg/topiramate ER 92 mg for 28 weeks [@CIT0022]. At study end, those receiving phentermine/topiramate ER experienced significant improvements versus placebo in parameters related to both sleep apnea and body weight ([Table 1](#T1){ref-type="table"}) [@CIT0022]. Further, a significant positive correlation was found between the percent change in weight and marked improvements in the apnea--hypopnea index score between baseline and week 28 (n = 43; r = 0.5218; p = 0.0003) [@CIT0022]. Currently, there are no medications approved for the treatment of obstructive sleep apnea, and there is a high rate of non-compliance with the standard therapeutic approach of employing continuous positive airway pressure devices [@CIT0023]. Therefore, phentermine/topiramate ER could offer a new treatment option for patients affected by obstructive sleep apnea.

7.2. Phase III studies {#ss13}
----------------------

The efficacy and safety of phentermine/topiramate ER in the treatment of overweight and obese patients have been evaluated in conjunction with lifestyle modification in three Phase III trials and one extension study. In all four studies, patients randomized to both placebo and drug-treatment arms received lifestyle modification counseling based on the LEARN® program for weight management [@CIT0024].

### 7.2.1. EQUATE {#ss14}

EQUATE was a randomized, double-blind, placebo-controlled Phase III trial that was conducted in 756 obese subjects (BMI ≥ 30 and ≤ 45 kg/m^2^) assigned to once-daily treatment with placebo, phentermine 7.5 mg monotherapy, phentermine 15 mg monotherapy, topiramate ER 46 mg monotherapy, topiramate ER 92 mg monotherapy, phentermine 7.5 mg/topiramate ER 46 mg or phentermine 15 mg/topiramate ER 92 mg for 28 weeks. At study end, those patients receiving phentermine/topiramate ER experienced significantly greater weight loss when compared with placebo (p \< 0.0001, all comparisons; [Table 1](#T1){ref-type="table"}) [@CIT0025]. The combination of phentermine/topiramate ER also produced greater weight loss than either phentermine or topiramate ER in equivalent doses given as monotherapy. Importantly, phentermine 7.5 mg/topiramate ER 46 mg demonstrated greater weight loss efficacy than either phentermine 15 mg or topiramate ER 92 when used individually [@CIT0025]. These data support the rationale of the combination therapy to produce greater weight loss at lower doses than the individual components when used alone. EQUATE also evaluated the cardiovascular effects of phentermine/topiramate ER versus placebo and demonstrated a significant reduction versus placebo in systolic BP (SBP; p \< 0.05; [Table 1](#T1){ref-type="table"}) without a significant change in resting heart rate [@CIT0025].

### 7.2.2. EQUIP {#ss15}

EQUIP was a 56-week, randomized, double-blind, placebo-controlled Phase III trial that evaluated 1267 obese subjects (BMI ≥ 35 kg/m^2^) assigned to once-daily treatment with placebo, phentermine 3.75 mg/topiramate ER 23 mg or phentermine 15 mg/topiramate ER 92 mg [@CIT0026]. Overall, mean age was 42.7 years, mean BMI was 42.0 kg/m^2^ and 83% were female [@CIT0026]. Subjects with a fasting serum glucose \> 110 mg/dl were excluded from this analysis and, overall, the study population was otherwise healthy and largely free of cardiometabolic disease (i.e., T2DM, hypertension, dyslipidemia) [@CIT0026]. Even so, the majority of subjects met eligibility criteria for bariatric surgery [@CIT0003]. After 56 weeks, subjects receiving phentermine/topiramate ER experienced significantly greater mean percent weight loss when compared with placebo: 1.6% for placebo, 5.1% for phentermine 3.75 mg/topiramate ER 23 mg and 10.9% for phentermine 15 mg/topiramate ER 92 mg (intent-to-treat, last observation carried forward (ITT-LOCF); p \< 0.0001; [Table 1](#T1){ref-type="table"}), which was maintained over the course of the study (completers; [Figure 1A](#F1){ref-type="fig"}) [@CIT0026]. Likewise, significantly more subjects receiving phentermine/topiramate ER achieved ≥ 5% weight loss after 56 weeks of treatment versus placebo (p \< 0.0001): 17.3% for placebo, 44.9% for phentermine 3.75 mg/topiramate ER 23 mg and 66.7% for phentermine 15 mg/topiramate ER 92 mg (ITT-LOCF) [@CIT0026]; a significant percentage of subjects also achieved ≥ 10% weight loss versus placebo (p \< 0.0001): 7.4, 18.8 and 47.2%, respectively [@CIT0026]. Cardiometabolic parameters were assessed, and subjects receiving phentermine 15 mg/topiramate ER 92 mg experienced greater improvements in these risk factors when compared with placebo (p \< 0.05; [Table 1](#T1){ref-type="table"}) [@CIT0026]. This study demonstrated that phentermine/topiramate ER produced substantial weight loss in patients with severe obesity who met criteria for bariatric surgery [@CIT0003].

![**Weight loss with phentermine/topiramate ER in (A) EQUIP, (B) CONQUER and (C) SEQUEL studies from baseline to study end [@CIT0026; @CIT0027; @CIT0029].** Least-squares mean change (95% CI). Weight-change curves are plotted for completers by visit. (**A**) EQUIP Study from baseline to week 56. Shown to the right of the graph are data derived from the analyses of the ITT-LOCF. p \< 0.0001 vs placebo for all time points assessed (adapted from Allison *et al*. [@CIT0026]); (**B**) CONQUER Study from baseline to week 56. Shown to the right of the graph are data derived from the analyses of the ITT-LOCF. p \< 0.0001 vs placebo for all time points assessed (adapted from Gadde *et al*. [@CIT0027]); (**C**) SEQUEL Study from baseline to week 108. p \< 0.0001 vs placebo for all time points assessed.](EDS-12-741-g001){#F1}

### 7.2.3. CONQUER {#ss16}

The largest of the Phase III studies was the CONQUER trial. This randomized, double-blind trial enrolled 2487 overweight and obese subjects (BMI ≥ 27 to ≤ 45 kg/m^2^) with ≥ 2 weight-related co-morbidities, including hypertension, dyslipidemia, T2DM, prediabetes or abdominal obesity [@CIT0027]. Subjects were assigned to once-daily treatment with placebo, phentermine 7.5 mg/topiramate ER 46 mg or phentermine 15 mg/topiramate ER 92 mg for 56 weeks [@CIT0027]. Overall, the majority of subjects were female (70%) and Caucasian (86%), with a mean age of 51.1 years, baseline mean weight of 103.1 kg and mean BMI of 36.6 kg/m^2^ [@CIT0027]. The patients in CONQUER experienced a high burden of cardiometabolic disease as evidenced by the fact that 52% of enrollees had hypertension, 36% were dyslipidemic, 45% had prediabetes and 16% had T2DM [@CIT0027; @CIT0028].

After 56 weeks of treatment, subjects receiving phentermine/topiramate ER achieved significantly greater weight loss than placebo: -1.4 kg (-1.2%) for placebo, -8.1 kg (-7.8%) for phentermine 7.5 mg/topiramate ER 46 mg and -10.2 kg (-9.8%) for phentermine 15 mg/topiramate ER 92 mg (ITT-LOCF; p \< 0.0001 vs placebo; [Table 1](#T1){ref-type="table"}), with weight loss maintained throughout the study ([Figure 1B](#F1){ref-type="fig"}) [@CIT0027]. In addition, significantly more subjects receiving phentermine/topiramate ER achieved ≥ 5% weight loss (21, 62 and 70% for placebo, phentermine 7.5 mg/topiramate ER 46 mg and phentermine 15 mg/topiramate ER 92 mg, respectively) or ≥ 10% weight loss (7, 37 and 48% for placebo, phentermine 7.5 mg/topiramate ER 46 mg and phentermine 15 mg/topiramate ER 92 mg, respectively) (ITT-LOCF; p \< 0.0001 vs placebo; [Figure 2A](#F2){ref-type="fig"}) [@CIT0027]. Participants in CONQUER also experienced significant improvements in cardiometabolic risk factors ([Table 1](#T1){ref-type="table"}), and more phentermine/topiramate ER-treated subjects required fewer medications than those receiving placebo to manage hypertension and T2DM [@CIT0027]. Importantly, among subjects without T2DM at baseline, phentermine/topiramate ER was able to prevent progression to T2DM when compared with placebo: the annualized incidence rate for development of T2DM was 9.0% for placebo, 6.7% for phentermine 7.5 mg/topiramate ER 46 mg and 4.4% for phentermine 15 mg/topiramate ER 92 mg [@CIT0028].

![**Achievement of categorical weight loss goals in (A) CONQUER and (B) SEQUEL [@CIT0027; @CIT0029].** (**A**) CONQUER Study, subjects with ≥ 5% or ≥ 10% weight loss at week 56; (**B**) SEQUEL Study, percentage (95% CI) of subjects achieving ≥ 5, ≥ 10, ≥ 15 or ≥ 20% weight loss from baseline to week 108 (ITT-LOCF).](EDS-12-741-g002){#F2}

### 7.2.4. SEQUEL {#ss17}

Participants who completed CONQUER on treatment were eligible to enroll in the SEQUEL extension study and maintain their original randomized treatment assignment and lifestyle-modification program for an additional 52 weeks, for a total of 108 weeks of treatment [@CIT0029]. Of 866 eligible subjects, 676 (78%) elected to continue in the extension. The weight loss experienced in CONQUER was sustained through 108 weeks: -1.8% for placebo, -9.3% for phentermine 7.5 mg/topiramate ER 46 mg and -10.5% for phentermine 15 mg/topiramate ER 92 mg (ITT-LOCF; p \< 0.0001 vs placebo; [Table 1](#T1){ref-type="table"}, [Figure 1C](#F1){ref-type="fig"}) [@CIT0029]. Similarly, phentermine/topiramate ER-treated subjects achieved greater categorical weight loss than placebo-treated subjects ([Figure 2B](#F2){ref-type="fig"}) and maintained improvements in cardiometabolic disease parameters ([Table 1](#T1){ref-type="table"}) [@CIT0029]. Importantly, patients experienced marked reductions in rates of progression to T2DM, up to 75%, when compared with the placebo group [@CIT0029].

### 7.2.5. Post-marketing surveillance {#ss18}

VIVUS, Inc., will be conducting a large cardiovascular outcomes study focused on demonstrating superiority of phentermine/topiramate ER plus lifestyle modification compared with lifestyle intervention alone with respect to incidence of and time to major cardiovascular events. This trial not only is designed to rule out any cardiovascular risks of treatment with phentermine/topiramate ER, but will also attempt to demonstrate benefit of treatment through a superiority design.

8.. Safety and tolerability {#ss19}
===========================

Overall, phentermine/topiramate ER was generally well tolerated, with the most common treatment-emergent AEs being paresthesia, dry mouth and constipation [@CIT0026; @CIT0027; @CIT0029]. In the 1-year cohort of the combined EQUIP and CONQUER trials, heart rate was increased by 1.6 beats/min on average over the baseline rate in the phentermine 15 mg/topiramate ER 92 mg dose [@CIT0030], but these increases were seen in conjunction with a substantial decrease in BP, and there were no associated adverse clinical sequelae ([Tables 2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}) [@CIT0026; @CIT0027; @CIT0029]. Serious AE rates were the same across treatment groups and across studies ([Tables 2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}), and the rates of discontinuation due to AEs were low [@CIT0026; @CIT0027; @CIT0029].

###### 

Overview of safety and tolerability in the EQUIP, CONQUER and SEQUEL trials.

  ----------------------------------------------------------------------------------------------------
                                   **Placebo**\    **PHEN/TPM ER 3.25/23**\   **PHEN/TPM ER 15/92**\
                                   **(n = 513)**   **(n = 240)**              **(n = 511)**
  -------------------------------- --------------- -------------------------- ------------------------
  *EQUIP: 56 weeks* [@CIT0026]                                                

  Change in HR, bpm                -0.2            -0.3                       1.2

  SAEs, %                          2.5             2.5                        2.5

  Discontinuation due to AEs, %    8.4             11.3                       16.0

  Change in bicarbonate, mEq/l     -0.3            -1.6                       -1.7

                                   **Placebo**\    **PHEN/TPM ER 7.5/46**\    **PHEN/TPM ER 15/92**\
                                   **(n = 979)**   **(n = 488)**              **(n = 981)**

  *CONQUER: 56 weeks* [@CIT0027]                                              

  Change in HR, bpm                -0.1            0.1                        1.7

  SAEs, %                          4.0             3.0                        5.0

  Discontinuation due to AEs, %    9.0             11.6                       19.3

  Change in bicarbonate, mEq/l     0.5             -0.3                       -1.0

                                   **Placebo**\    **PHEN/TPM ER 7.5/46**\    **PHEN/TPM ER 15/92**\
                                   **(n = 227)**   **(n = 153)**              **(n = 295)**

  *SEQUEL: 108 weeks* [@CIT0029]                                              

  Change in HR, bpm                0.4             1.3                        1.7

  SAEs, %                          6.2             5.9                        8.1

  Discontinuation due to AEs, %    3.1             4.5                        4.4

  Change in bicarbonate, mEq/l     2.2             0.7                        0.2
  ----------------------------------------------------------------------------------------------------

AE: Adverse event; HR: Heart rate; PHEN/TPM ER: Phentermine/topiramate extended-release; SAE: Serious adverse event.

###### 

AEs with a frequency of ≥ 5% in any treatment group.

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Preferred term, n (%)**           **Placebo**\              **PHEN/TPM ER 3.25/23**\   **PHEN/TPM ER 15/92**\                                                      
                                      **(n = 513)**             **(n = 240)**              **(n = 511)**                                                               
  ----------------------------------- ------------------------- -------------------------- ------------------------ ------------------------- ------------------------ -----------
  *EQUIP: 56 weeks* [@CIT0026]                                                                                                                                         

  Paresthesia                         10 (1.9)                  10 (4.2)                   96 (18.8)                                                                   

  Dry mouth                           19 (3.7)                  16 (6.7)                   87 (17.0)                                                                   

  Constipation                        35 (6.8)                  19 (7.9)                   72 (14.1)                                                                   

  Upper respiratory tract infection   56 (10.9)                 38 (15.8)                  63 (12.3)                                                                   

  Headache                            52 (10.1)                 25 (10.4)                  61 (11.9)                                                                   

  Nasopharyngitis                     37 (7.2)                  30 (12.5)                  46 (9.0)                                                                    

  Dysgeusia                           5 (1.0)                   3 (1.3)                    43 (8.4)                                                                    

  Insomnia                            25 (4.9)                  12 (5.0)                   40 (7.8)                                                                    

  Nausea                              24 (4.7)                  14 (5.8)                   37 (7.2)                                                                    

  Sinusitis                           28 (5.5)                  18 (7.5)                   37 (7.2)                                                                    

  Dizziness                           21 (4.1)                  7 (2.9)                    29 (5.7)                                                                    

  Back pain                           26 (5.1)                  13 (5.4)                   28 (5.5)                                                                    

  Bronchitis                          22 (4.3)                  16 (6.7)                   28 (5.5)                                                                    

  Cough                               18 (3.5)                  8 (3.3)                    26 (5.1)                                                                    

  Influenza                           24 (4.7)                  18 (7.5)                   26 (5.1)                                                                    

  Diarrhea                            23 (4.5)                  12 (5.0)                   24 (4.7)                                                                    

  Fatigue                             17 (3.3)                  12 (5.0)                   23 (4.5)                                                                    

  Vision blurred                      16 (3.1)                  15 (6.3)                   23 (4.5)                                                                    

  **Preferred term, n (%)**           **Placebo**\              **PHEN/TPM ER 7.5/46**\    **PHEN/TPM ER 15/92**\                                                      
                                      **(n = 993)**             **(n = 498)**              **(n = 994)**                                                               

  *CONQUER: 56 weeks* [@CIT0027]                                                                                                                                       

  Dry mouth                           24 (2.4)                  67 (13.5)                  207 (20.8)                                                                  

  Paresthesia                         20 (2.0)                  68 (13.7)                  204 (20.5)                                                                  

  Constipation                        59 (5.9)                  75 (15.1)                  173 (17.4)                                                                  

  Upper respiratory tract\            128 (12.9)                61 (12.2)                  133 (13.4)                                                                  
  infection                                                                                                                                                            

  Nasopharyngitis                     86 (8.7)                  53 (10.6)                  98 (9.9)                                                                    

  Dysgeusia                           11 (1.1)                  37 (7.4)                   103 (10.4)                                                                  

  Insomnia                            47 (4.7)                  29 (5.8)                   102 (10.3)                                                                  

  Headache                            90 (9.1)                  35 (7.0)                   101 (10.2)                                                                  

  Dizziness                           31 (3.1)                  36 (7.2)                   99 (10.0)                                                                   

  Sinusitis                           67 (6.7)                  34 (6.8)                   85 (8.6)                                                                    

  Back pain                           49 (4.9)                  28 (5.6)                   72 (7.2)                                                                    

  Nausea                              42 (4.2)                  18 (3.6)                   68 (6.8)                                                                    

  Fatigue                             50 (5.0)                  22 (4.4)                   67 (6.7)                                                                    

  Diarrhea                            48 (4.8)                  32 (6.4)                   58 (5.8)                                                                    

  Blurred vision                      36 (3.6)                  20 (4.0)                   60 (6.0)                                                                    

  Urinary tract infection             37 (3.7)                  26 (5.2)                   54 (5.4)                                                                    

  Arthralgia                          54 (5.4)                  23 (4.6)                   44 (4.4)                                                                    

  Bronchitis                          43 (4.3)                  22 (4.4)                   52 (5.2)                                                                    

  **Preferred term, n (%)**           **0 -- 56 Weeks**         **56 -- 108 Weeks**                                                                                    

  **Placebo**\                        **PHEN/TPM ER 7.5/46**\   **PHEN/TPM ER 15/92**\     **Placebo**\             **PHEN/TPM ER 7.5/46**\   **PHEN/TPM ER 15/92**\   
  **(n = 227)**                       **(n = 153)**             **(n = 295)**              **(n = 227)**            **(n = 153)**             **(n = 295)**            

  *SEQUEL: 108 weeks* [@CIT0029]                                                                                                                                       

  Constipation                        16 (7.1)                  25 (16.3)                  62 (21.0)                7 (3.1)                   11 (7.2)                 12 (4.1)

  Paresthesia                         6 (2.6)                   21 (13.7)                  62 (21.0)                0 (0.0)                   1 (0.7)                  10 (3.4)

  Dry mouth                           5 (2.2)                   21 (13.7)                  59 (20.0)                1 (0.4)                   1 (0.7)                  4 (1.4)

  Upper respiratory\                  47 (20.7)                 23 (15.0)                  55 (18.6)                42 (18.5)                 26 (17.0)                45 (15.3)
  tract infection                                                                                                                                                      

  Nasopharyngitis                     35 (15.4)                 20 (13.1)                  39 (13.2)                26 (11.5)                 13 (8.5)                 26 (8.8)

  Dysgeusia                           4 (1.8)                   18 (11.8)                  39 (13.2)                0 (0.0)                   1 (0.7)                  3 (1.0)

  Sinusitis                           19 (8.4)                  17 (11.1)                  39 (13.2)                18 (7.9)                  12 (7.8)                 28 (9.5)

  Headache                            21 (9.3)                  8 (5.2)                    28 (9.5)                 6 (2.6)                   4 (2.6)                  12 (4.1)

  Insomnia                            15 (6.6)                  12 (7.8)                   24 (8.1)                 8 (3.5)                   9 (5.9)                  11 (3.7)

  Diarrhea                            12 (5.3)                  14 (9.2)                   21 (7.1)                 3 (1.3)                   3 (2.0)                  11 (3.7)

  Back pain                           19 (8.4)                  11 (7.2)                   21 (7.1)                 7 (3.1)                   9 (5.9)                  15 (5.1)

  Dizziness                           6 (2.6)                   9 (5.9)                    20 (6.8)                 2 (0.9)                   2 (1.3)                  1 (0.3)

  Nausea                              13 (5.7)                  5 (3.3)                    19 (6.4)                 4 (1.8)                   10 (6.5)                 4 (1.4)

  Bronchitis                          8 (3.5)                   9 (5.9)                    17 (5.8)                 7 (3.1)                   8 (5.2)                  10 (3.4)

  Fatigue                             11 (4.9)                  7 (4.6)                    17 (5.8)                 2 (0.9)                   2 (1.3)                  4 (1.4)

  Procedural pain                     6 (2.6)                   7 (4.6)                    17 (5.8)                 4 (1.8)                   8 (5.2)                  14 (4.7)

  Arthralgia                          20 (8.8)                  13 (8.5)                   13 (4.4)                 14 (6.2)                  7 (4.6)                  16 (5.4)

  Influenza                           11 (4.9)                  11 (7.2)                   13 (4.4)                 8 (3.5)                   10 (6.5)                 19 (6.4)

  Urinary tract infection             11 (4.9)                  8 (5.2)                    13 (4.4)                 13 (5.7)                  14 (9.2)                 18 (6.1)

  Gastroenteritis                     12 (5.3)                  3 (2.0)                    12 (4.1)                 6 (2.6)                   2 (1.3)                  9 (3.1)
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

AE: Adverse event; HR: Heart rate; PHEN/TPM ER: Phentermine/topiramate extended-release; SAE: Serious adverse event.

Antiepileptic drugs, including topiramate, carry a labeled precaution that they may increase the risk of suicidal thoughts or behavior [@CIT0009]. In EQUIP, CONQUER and SEQUEL, based on reported AEs or the clinician-administered Columbia Suicide Severity Rating Scale questionnaire, the incidence of suicidality was not increased versus placebo and there were no suicidal behaviors [@CIT0026; @CIT0027; @CIT0029]. It is important to consider that all Phase III trials were open to patients with controlled depression at baseline and included patients on stable doses of selective serotonin reuptake inhibitors, serotonin-norepinephrine reuptake inhibitors and bupropion with no loss in weight-loss efficacy or increase in AEs [@CIT0009].

As expected, given the inhibition of carbonic anhydrase by topiramate, a decrease in the concentration of serum bicarbonate was observed in all studies of phentermine/topiramate ER; however, the decrements were small and bicarbonate levels tended to return toward baseline over time without need for clinical intervention [@CIT0026; @CIT0027; @CIT0029].

9.. Regulatory affairs {#ss20}
======================

Teratogenicity data derived from epidemiologic studies and claims data in women using immediate-release topiramate for approved migraine and epilepsy indications showed an increased risk of cleft lip with or without cleft palate in infants exposed to topiramate during the first trimester of pregnancy [@CIT0031]. However, a subsequent retrospective analysis that quantified the association between topiramate exposure during pregnancy and the risk of oral cleft or major congenital malformations found little or no increase in risk when compared with exposure to other anti-epileptic drugs [@CIT0031]. The FDA approval of phentermine/topiramate ER in July 2012 included a risk evaluation and mitigation strategy (REMS) to inform patients and providers about teratogenic risk and the need to avoid fetal exposure [@CIT0009]. The labeling includes recommendations for adequate contraception and monthly pregnancy testing in women of childbearing potential [@CIT0009]. To comply with the REMS program requirements, phentermine/topiramate ER is available from certified pharmacies initially via mail order only, with access through retail pharmacies under regulatory review for mid-2013.

10.. Conclusion {#ss21}
===============

The availability of a weight-loss drug with the therapeutic profile of phentermine/topiramate ER represents a landmark development in obesity pharmacotherapy, as it enables an evidence-based medical model that incorporates a more effective and comprehensive application of lifestyle, medication and surgical treatment options. As demonstrated by several Phase II and III clinical studies, phentermine/topiramate ER may produce substantial sustained weight loss, which is unmatched by available pharmacotherapy, when compared with placebo. These studies also have demonstrated that phentermine/topiramate ER-associated weight loss can effectively prevent progression to T2DM, improve glycemia and BP and ameliorate functional indicators in patients with obstructive sleep apnea. Thus, phentermine/topiramate ER represents a well-tolerated, effective option for the treatment of obesity and its related co-morbidities, when used in conjunction with lifestyle changes. By offering an effective medical option to complement lifestyle and surgical approaches, phentermine/topiramate ER offers a medical model for comprehensive obesity care that can be used to promote the health of individuals by ameliorating obesity complications.

The clinical trial data raise three salient considerations. First, all enrollees in clinical trials were engaged in a lifestyle intervention regardless of whether randomized to placebo or drug-treatment arms [@CIT0026; @CIT0027; @CIT0029]. Therefore, the efficacy of phentermine/topiramate ER reflects the use of the drug as an adjunct to lifestyle therapy. All patients being considered for phentermine/topiramate ER, or any other weight loss drug [@CIT0032], should also participate in a lifestyle intervention in order to achieve optimal outcomes. The second point is that there is variability in the weight loss response to any given dose of phentermine/topiramate ER, as is the case for any drug [@CIT0026; @CIT0027; @CIT0029]. Patients are not assured that the mean weight loss demonstrated in the clinical trials will be achieved, and some patients will represent primary drug failures. Therefore, it is important to follow the prescribing information that outlines scenarios for drug discontinuation when weight loss is not sufficient (e.g., \< 5% on phentermine 15 mg/topiramate ER 92 mg) [@CIT0009]. The third point is that while efficacy of phentermine/topiramate ER was demonstrated for 2 years [@CIT0029], longer-term results are unknown. Obesity is a lifelong chronic disease and will require prolonged therapy. Combining clinical experience with protracted clinical trials will be needed to assess longer-term efficacy and strategies that employ all treatment options to sustain weight loss over decades.

11.. Expert opinion {#ss22}
===================

Obesity is a disease with genetic, environmental and behavioral determinants that confers increased morbidity and mortality [@CIT0033]. Prior to 2012, healthcare professionals employed lifestyle modification and a limited number of modestly effective medications in efforts to combat this disease, with bariatric surgery reserved for more intractable cases [@CIT0003; @CIT0014]. In the summer of 2012, the FDA approved two medications to be used as adjuncts to lifestyle modification for the treatment of overweight patients (BMI ≥ 27 and \< 30 kg/m^2^) with co-morbidities such as T2DM, hypertension and dyslipidemia, and of obese patients (BMI ≥ 30 kg/m^2^) regardless of whether co-morbidities are present [@CIT0008; @CIT0009]. Although head-to-head studies have not been conducted, clinical trial data support the contention that phentermine/topiramate ER is more efficacious than lorcaserin. For example, lorcaserin resulted in 3.6% placebo-subtracted weight loss after 1 year in the BLOOM Study (5.8% weight loss with lorcaserin vs 2.2% for placebo), with some weight regain in lorcaserin-treated patients over the second year of the study [@CIT0017]. On the other hand, phentermine/topiramate ER produced up to 9.4% placebo-subtracted weight loss after 1 year in the EQUIP Study (11% with phentermine 15 mg/topiramate ER 92 mg vs 1.6% on placebo) [@CIT0026]. The weight loss produced by phentermine/topiramate ER is intermediate between that commonly achieved by lifestyle modifications or other less effective medications and the average weight loss following gastric bypass bariatric surgical procedures (∼ 30%) [@CIT0014; @CIT0015; @CIT0034; @CIT0035; @CIT0036]. In many patients, the amount of weight loss that can be achieved using phentermine/topiramate ER will predictably obviate the need for invasive surgical procedures.

What is the appropriate medical model for obesity management? Any intervention entails risk, and treatment must be targeted at those patients who will derive the greatest benefits from the intervention according to considerations that optimally balance benefit and risk. With almost 70% of the US adults being overweight or obese [@CIT0001], and owing to considerations of safety and cost, it is not desirable or feasible to treat all overweight and obese patients with medical or surgical therapy. Furthermore, the treatment goal should not be a cosmetic outcome. The average weight loss achieved by lifestyle and medical therapy, and in many bariatric surgery patients, is not sufficient to achieve optimal cosmetic results, or even to bring many obese patients below the BMI threshold for obesity (i.e., 30 kg/m^2^) [@CIT0003; @CIT0004; @CIT0005].

The patients who will benefit most from obesity treatment have obesity-related complications that can be ameliorated by weight loss. These complications can be classified into two general categories, namely those related to insulin resistance and cardiometabolic disease and those related to the mechanical consequences of excess body weight [@CIT0014]. The degree of weight loss produced by phentermine/topiramate ER is sufficient to exert powerful benefits regarding obesity complications [@CIT0003; @CIT0004; @CIT0005; @CIT0009]. In addition to weight loss, phentermine/topiramate ER treatment was sufficient to improve cardiometabolic disease manifestations such as triglycerides, BP, high-density lipoprotein cholesterol (HDL-C) and biomarkers of cardiovascular risk, such as C-reactive protein and fibrinogen; improve glucose intolerance and enhance insulin sensitivity; prevent progression to T2DM and markedly improve the apnea--hypopnea index in patients with obstructive sleep apnea [@CIT0022; @CIT0026; @CIT0027; @CIT0029; @CIT0037].

Therefore, a rational medical model for the treatment of the overweight or obese patient should emphasize complications remediable by weight loss ([Figure 3](#F3){ref-type="fig"}). Step 1 of the complications-centric approach is to evaluate and stage the patient for the presence and severity of obesity-related complications and the impact of these complications on the patient\'s well-being. The clinician should assess BMI, waist circumference, fasting and 2-h oral glucose tolerance test glucose, the lipid panel, BP and presence of CVD. It will also be important to recognize patients who meet criteria for metabolic syndrome [@CIT0038] and prediabetes [@CIT0039] since this effectively identifies individuals at high risk of future T2DM and CVD, albeit with high specificity and low sensitivity [@CIT0040]. The initial evaluation should also screen for other disease entities that may be ameliorated by weight loss, including liver disease, and mechanical complications, such as obstructive sleep apnea, problematic degenerative joint disease or chronic pulmonary disease [@CIT0004]. It is important to note that not all patients with overweight or obesity have cardiometabolic disease or mechanical complications; up to 30% have been observed to be insulin sensitive without cardiometabolic disease and may not progress to T2DM or CVD, giving rise to the term 'healthy obese\' to characterize these patients [@CIT0041; @CIT0042].

![**Complications-centric medical model for treatment of the overweight or obese patient.** Step 1 is to evaluate patients for the presence and severity of obesity-related complications. Step 2 is to select therapeutic targets for improvement in complications and to determine the appropriate treatment modality and intensity. Step 3 is to reassess complications, and if targets for improvements in complications are not met, intensify lifestyle and/or medical treatment modality for greater weight loss.](EDS-12-741-g003){#F3}

Step 2 for medical treatment of obesity is for the clinician and patient to set therapeutic targets and goals for improvements in complications, to identify the modality and intensity of therapy needed to achieve these goals and to set therapeutic targets for the improvement in complications based on the initial evaluation and staging. This approach will optimize the benefit/risk ratio for the intervention and achieve the best outcomes by aligning specific therapy with those patients who will derive the greatest benefit. Many cardiometabolic and mechanical complications exist to a large degree independent of baseline BMI. From this perspective, baseline BMI is less important than the existence and severity of complications at baseline, and by the same consideration, the degree of improvement in obesity-related complications is more important that the absolute amount of weight that is lost [@CIT0043; @CIT0044].

Following the initiation of the selected therapeutic option, Step 3 involves reassessment of the patient for the impact of weight loss on complications after equilibrium weight loss is achieved. If the target for improvement in complications is not reached, then the weight-loss therapy should be intensified in order to achieve the desired goal. It is important to consider that all three treatment approaches for obesity (lifestyle modification, pharmacotherapy and bariatric surgery options) are characterized by a wide range of intensities that can be employed to achieve a greater or lesser degree of weight loss. For example, the clinician could proceed to a more highly structured, intensive lifestyle therapy program or increase the daily treatment dose of phentermine 7.5 mg/topiramate ER 46 mg to full-dose phentermine 15 mg/topiramate ER 92 mg [@CIT0009]. Thus, the medical model is a complications-centric approach to weight loss rather than a BMI-driven approach, in which weight loss is used as a tool to ameliorate the cardiometabolic and mechanical complications of overweight/obesity.

11.1. Potential new applications {#ss23}
--------------------------------

A highly important potential benefit of phentermine/topiramate ER-associated weight loss, in terms of public health and containment of heathcare costs, is the prevention of T2DM in high-risk individuals [@CIT0045]. Given the high relative costs of T2DM care and the morbidity and mortality that accompany this disease, the targeted treatment of overweight and obese patients with metabolic syndrome and prediabetes would have a pronounced impact on reducing the burden of T2DM [@CIT0005; @CIT0006; @CIT0046].

It could be argued that, given its therapeutic profile, phentermine/topiramate ER should be considered for any overweight or obese patient with overt T2DM. Based on data from clinical trials and the known favorable effects of weight loss on T2DM pathophysiology, it is likely that phentermine/topiramate ER could be an effective second-line drug in patients who fail metformin, used in conjunction with metformin as initial dual therapy, or used as first-line therapy in newly diagnosed patients. Although additional clinical trials are necessary to comprehensively establish the role for phentermine/topiramate ER in T2DM, this drug has the potential to become integral in the T2DM drug armamentarium and could change the landscape of how we therapeutically approach T2DM, expanding the notion of 'antidiabetes drugs\' beyond those that act primarily to increase insulin secretion and action.

Beyond these topics, there are many additional unmet needs where phentermine/topiramate ER may be able to play an important role. Obesity and T2DM are ever-increasing problems in children and adolescents, for whom no obesity medications have been approved. Clinical trials to assess the efficacy and safety of phentermine/topiramate ER in children and adolescents should be initiated. In addition, phentermine/topiramate ER has several potential applications in bariatric surgery; the drug could be used to reduce operative risk via induction of preoperative weight loss, to achieve greater weight-loss results when used in conjunction with bariatric surgical procedures, or to counteract weight regain following surgery [@CIT0045; @CIT0047]. Treatment with phentermine/topiramate ER may be appropriate for patients with moderate to severe obstructive sleep apnea, steatohepatitis, severe osteoarthritis or stress incontinence, and in women with polycystic ovary syndrome [@CIT0048; @CIT0049; @CIT0050; @CIT0051]. Clinical trials investigating weight loss as a therapeutic option for these conditions may be beneficial.
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